Introduction
Quantum Chemical Corporation , USI Division , is one of the largest manufacturers of vinyl acetate monomer (VAM) in the United States. Our Houston, Texas , facility is the world's largest single VAM manufacturing plant.
This booklet describes applications, specifications and properties for vinyl acetate monomer. It is also a general guide to YAM 's storage and handling requirements. For additional information or technical assistance of any kind, contact your nearest Quantum chemicals sales representative .
Applications
VAM is a chemical building block in the manufacture of a wide variety of industrial and consumer products, including the following:
• Polyvinyl acetate (PVA) emulsion polymers are used in paints , adhesives, textile sizings and finishes, nonwoven textile binders, paper coatings and specialty coatings for flexible substrates. Nearly half the VAM produced in the U.S. is used in PYA production . 
Physical Properties
The USI Division produces VAM in a process developed and patented by Quantum. Vaporized acetic acid and ethylene react with oxygen in a fixed-bed tubular reactor over a noble metal catalyst. Distillation and organic-aqueous phase separation produce a VAMrich aqueous phase. VAM from the aqueous phase is then stripped of remaining impurities to yield a clear, colorless liquid that is 99.9% vinyl acetate by weight. 
Polymerization
VAM is an unsaturated compound containing an ethylenic grouping in its molecule. The ethylenic group is extremely active, making VAM a "hot" monomer that polymerizes easily. Hydroquinone is added to VAM at 3-5 ppm by weight as an inhibitor to prevent premature polymerization . This level maintains stability under normal storage conditions , but does not interfere with polymerization under manufacturing conditions. When storing VAM, check the inhibitor content every month. You may have to add additional hydroquinone to maintain the concentration at 3-5 ppm. Storing VAM for longer than two months is not recommended. Quantum can supply VAM with higher levels of hydroquinone to meet customers' requirements.
VAM 's importance as a chemical building block stems from its readiness to polymerize with other vinyl monomers, with acrylate comonomers, even with itself. In the presence of initiators (or catalysts), VAM adds other molecules across the double bond of its ethylenic group to produce large polymers.
Polymerization Methods
VAM polymerization reactions are fast and highly exothermic. The reaction vessel must be cooled (usually with a refrigerated jacket), the polymerization catalyst thoughtfully chosen and the amount of VAM in the reactor carefully adjusted to control reaction rate and direction.
Carton-sealing adhesives, shown here as solid chips and blocks, are compounded from ethylene-vinyl acetate copolymers and other materials.
VAM can be polymerized by using any of the major polymerization techniques discussed below:
• In bulk polymerization, heat is applied to small amounts of catalyst dissolved in the monomer. As the polymerization proceeds, the heat of polymerization and the resulting increase in viscosity may cause difficult problems of heat-removal and reaction control. Regular additions of monomer at the reflux temperature can help control the process. • In suspension or bead polymerization, small droplets of the monomer are suspended in a medium which will not dissolve it.
To maximize the monomer's insolubility, the droplets are coated with a protective colloid . CatB.lyst addition and elevated temperatures initiate the polymerization of the suspended droplets. Ag itation and dispersing agents keep the insoluble beads from clumping together. Bead polymerization produces small solid beads.
• In solution polymerization , the monomer is dissolved in a pure organic solvent like acetone , methyl ethyl ketone , ethyl acetate or butanol. Catalyst addition and elevated temperatures initiate the polymerization, which usually produces low molecular weight polymers . Solution polymerization is not used as wide ly as bulk, bead or emulsion polymerization.
• In emulsion polymerization , the monomer is agitated with a surfactant in water to disperse it. Adding catalyst and applying heat initiates the polymerization reaction . Emulsion polymerization typically produces very fine polymer particles ( 1.0 micron to 10 microns in size) dispersed through a milky white medium . The product is used as is or is compounded with a number of other ingredients in latex paints, adhesives , paper coatings, textile coatings and other applications. Three emulsion polymerization processes are commonly used commercially : batch , semi-continuous and delayed addition. For the batch process , all the ingredients --solvent (water) , comonomers , surfactants, colloids, initiators (catalysts) and buffers --are added to the reactor and heated to initiate the catalyst. Polymerization occurs at 66°C , completion at 90°C . The resulting product is a high molecular weight, large particle size polymer.
For the semi-continuous process, ingredients are continuously fed to the first reacto r. Partially polymerized polymer is continuously moved to one or two additional reactors for completion of the polymerization. The product is a polymer with broad particle size and molecular weight distribution.
Ethylene-vinyl acetate, such as Quantum's Ultrathene copolymers, can be foamed to provide cushioning in the soles and heels of athletic shoes.
For the delayed addition process , the monomer (or comonomers) are added incrementally during the process . Polymerization occurs at a temperature higher than 75°C . The other ingredients (catalyst , surfactant, protective colloids) may also be added gradually. The product is an extremely stable polymer with small particle size .
Physical Forms and Uses of Polymers
Commercial polymer products come in three common forms: solid, liquid and emulsion, with the emulsion products by far the most commonly used .
• Solid polymers --mainly polyvinyl acetate (PVA) homopolymers produced from solution polymerization --are processed into large pellets or chunks. They are low molecular weight products that tend to cold-flow together at moderate temperatures and become brittle at 1 0-15 0 C. Solid PVA is used in adhesives and specialty coating applications.
Solid polymers produced from suspension polymerization function as intermediates in the production of polyvinyl alcohol , polyvinyl butyral and polyvinyl formal. The beads are high molecular weight polymers, also used in adhesives and reprographic resins. Suspension polymerization can also produce a powdered homopolymer or copolymer that is typically used in adhesive applications.
• Liquid solutions of homopolymerized vinyl acetate from solution polymerization are often directly used in adhesive applications.
• Emulsion VAM products are the dominant commercial form . Their molecular weight is usually high , but it often varies over a broad range. The colloidal properties of the emulsion and the properties of the dispersed polymer particles can be adjusted somewhat independently, so it is possible to customize products for specific applications.
Quantum's production facility in Houston is the world's largest single VAM plant. Statistical Process Control has been installed at all of Quantum's plant laboratories to assure that products meet customer requirements.
Storage and Handling
YAM's physical and chemical properties require that you handle it carefully.
• VAM is flammable. The U.S.
Department 
Labeling Requirements
All Quantum VAM containers are labeled in accordance with applicable Occupational Safety and Health Administration (OSHA) and DOT regulations and good hazard communications practices.
Loading/Unloading Requirements
When loading or unloading a tank truck:
1 . Always load with a submerged pipe. Free-falling VAM may produce static electricity which could be a source of ignition.
2. Ground the truck.b.e.fQre. you connect any part of it to the unloading line or equipment.
3. Electrically bond all containers to the grounded truck before you start filling them. 4. Ground the tank car before you connect any part of it to the unloading lines or equipment.
5. Unload the car through the dome connection or through the bottom outlet.
6. Never use air pressure for unloading tank cars.
7. Use an approved pump to unload the tank car. If the car does not have an eductor pipe, insert a pipe through the open dome and pump its contents out that way.
8. Vent the car through a flame arrester during unloading.
9. If unloading is interrupted, disconnect all unloading connections, close all valves tightly and securely apply all other closures.
Production process improvments are constantly under study through Quantum's Research and Development Department.
